Permaculture for Agroecology: Design, Practice, Movement, and Worldview. A Review by Ferguson, Rafter Sass & Lovell, Sarah Taylor
This is a preprint (17 September 2013) of an article accepted for publication in 
Agronomy for Sustainable Development
http://link.springer.com/journal/13593
The final published version may differ from this preprint.
Review Article.
Permaculture for Agroecology: Design, Practice, 
Movement, and Worldview. A Review.
Rafter Sass FERGUSON1, Sarah Taylor LOVELL2
1,2 University of Illinois at Urbana-Champaign.
1009 Plant Sciences Laboratory 1201 S. Dorner Drive Urbana, IL 61801
(Accepted 11 Sepember 2013)
Abstract - Agroecology is a promising alternative to industrial agriculture, with the potential to avoid the 
negative social and ecological consequences of input-intensive production. Transitioning to agroecological 
production is, however, a complex project that requires diverse contributions from outside of scientific 
institutions. Agroecologists therefore collaborate with tradtional producers and agroecological movements. 
Permaculture is one such agroecological movement, with a broad international distribution and a unique approach 
to system design. Despite a high public profile, permaculture has remained relatively isolated from scientific 
research. Though the potential contribution of permaculture to agroecological transition is great, it is limited by 
this isolation from science, as well as from oversimplifying claims, and the lack of a clear definition. Here we 
review scientific and popular permaculture literature. A systematic review discusses quantitative bibliometric data, 
including keyword analysis. A qualitative review identifies and asseses major themes, proposals and claims. The 
manuscript  follows a stratified definition of permaculture as design system, best  practice framework, worldview, 
and movement. The major points of our analysis are: 1) principles and topics largely complement and even extend 
principles and topics found in the agroecological literature. 2) Distinctive approaches to perennial polyculture, 
water management, and the importance of agroecosystem configuration, exceed what is documented in the 
scientific literature, and thus suggest promising avenues of inquiry. 3) Discussions of practice consistently 
underplay the complexity, challenges, and risks that producers face in developing diversified and integrated 
production systems. 4) The movement  is mobilizing diverse forms of social support for sustainabililty, in 
geographically diverse locations. 5) Scholarship in permaculture has always been a diverse marginal sector, but  is 
growing.
permaculture / farm design / perennial polyculture  / agroecological transition / diversified farming 
systems / agroecological movement
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1. INTRODUCTION
Increasing concerns about the negative impacts of 
industrial agriculture have generated a vigorous 
debate over the feasibility of transition to alternative 
forms of agriculture, capable of providing a broad 
suite of ecosystem services while producing yields for 
human use. The transition to diversified, ecologically 
benign, smaller-scale production systems is addressed 
in the literature of agroecology (De Schutter 2010), 
diversified farming systems (Kremen et al. 2012), and 
multifunctional agriculture (Wilson 2008). 
Agroecological transition must be regarded as a 
complex, multi-sector project, operating at multiple 
temporal and spatial scales and involving diverse 
constituencies (Geels and Kemp 2007; Marques 2010; 
Piraux et al. 2010). For this reason, researchers have 
often directed their attention outside of institutional 
science, to document the contributions that  traditional 
and innovative practices offer to the process of 
transition (Altieri 2004; Ingram 2007; Rocha 2005; 
Koohafkan et  al. 2012; Rosset  et  al. 2011). Alternative 
agroecology movements, for example, have been 
critical in the process of regional agroecological 
transition (Nelson et al. 2009; Altieri and Toledo 
2011), and likely will be in the future (Fernandez et 
al. 2012; Petersen et al. 2012).
This paper addresses the alternative agroecology 
movement  called permaculture and its potential 
contributions to agroecological t ransi t ion. 
Permaculture is an international movement and 
ecological design system (Fig. 1). Despite 
permaculture's international extent and relatively high 
public profile, it  has received very little discussion in 
the scientific literature. The term originated as a 
portmanteau of permanent agriculture, and is defined 
by co-originator David Holmgren as “Consciously 
designed landscapes which mimic the patterns and 
relationships found in nature, while yielding an 
abundance of food, fibre and energy for provision of 
local needs” (2004, p. xix). As a broadly distributed 
movement with a distinctive conceptual framework 
for agroecosystem design, permaculture's relevance to 
the project  of agroecological transition has several 
aspects. Permaculture can function as a framework 
for integrating knowledge and practice across 
disciplines to support collaboration with mixed 
groups of researchers, stakeholders, and land users. 
Permaculture contributes to an applied form of 
ecological literacy (Orr 1992), supplying a popular 
and accessible synthesis of complex socio-ecological 
concepts. The design orientation of permaculture 
offers a distinctive perspective that  suggests avenues 
of inquiry in agroecosystem research. Lastly, these 
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Figure 1. Examples of production and education in the permaculture movement. (a) Small farm with intercropped annuals 
and perennials, worked partially with hand labor, (b) Workshop on the design and maintenance of perennial polycultures.
(a) (b)
factors are embodied in an international movement 
that operates largely outside of the influence and 
support of large institutions, which suggests 
opportunities for participatory-action research and the 
mobilization of popular inquiry and support  (Méndez 
et al. 2013).
The potential of permaculture to contribute 
broadly to agroecological transition is limited by 
several factors. Of primary importance is the general 
isolation of permaculture from science, both in terms 
of a lack of scholarly research about permaculture, 
and neglect  within the permaculture literature of 
contemporary scientific perspectives. This deficit  is 
compounded by overreaching and oversimplifying 
claims made by movement  adherents, and the absence 
of any systematic multi-site assessment  of 
permaculture's impacts. Additionally, the difficulty of 
providing a clear and distinguishing description of 
permaculture can cause confusion and hinder rigorous 
and systematic discussion.
The objective of this paper is to contribute to a 
better understanding of the substance, strengths, and 
limitations of permaculture as a potential contributor 
to agroecological transition. Introductory material 
includes a brief overview of the origins and 
development  of permaculture, the growth of the 
movement over time, and a preliminary heuristic for 
comparing the prominence and overlap of 
permaculture and agroecology across several sectors. 
The introduction is followed by a systematic review 
of scientific and popular permaculture literature, 
analyzing publication type, date, and location, topic 
location, scholarly discipline, and citations. 
Systematic analysis also includes quantitative content 
analysis using a concept network approach. 
Qualitative review of the permaculture framework 
then identifies and evaluates prominent  themes in the 
permaculture literature, focusing on agroecological 
topics. Finally, qualitative and quantitative analyses 
are synthesized to produce an overall evaluation of 
permaculture, including recommendations for future 
directions for research and dialog.
2 BACKGROUND
2.1 Shifting Definitions
The definition of permaculture varies among 
sources, and displays an expansion in subject  area 
over time. In 1978, permaculture was defined in the 
founding text as "an integrated, evolving system of 
perennial or self-perpetuating plant  and animal 
species useful to man ... in essence, a complete 
agricultural ecosystem, modeled on existing but 
simpler examples." (Mollison & Holmgren, p. 1). By 
the 1988 the definition had grown in scope to 
encompass broader issues of human settlement, while 
maintaining a core agricultural focus: "Permaculture 
… is the conscious design and maintenance of 
agriculturally productive ecosystems which have the 
diversity, stability, and resilience of natural 
ecosystems. It  is the harmonious integration of 
landscape and people providing their food, energy, 
shelter, and other material and non-material needs in a 
sustainable way” (Mollison). While permaculture 
addresses multiple aspects of human settlement, this 
paper will focus primarily on those aspects of 
permacul tu re re levan t  to agr icu l tu re and 
agroecological transition.
2.2 Historical Context
Permaculture emerged in parallel with other 
movements and disciplines with a focus on 
sustainability. In the past 50 years, concerns over the 
negative social and environmental impacts of 
urbanization, industrial agriculture, and resource 
extraction and depletion, have expanded dramatically 
(De Steiguer 2006; Hawken 2007; McCormick 1991). 
Over this period, public and scientific concern for 
environmental degradation has spread from isolated 
voices, through environmental movements and 
emerging scientific disciplines, and into mainstream 
science and popular culture (FitzSimmons et al. 
1991). Environmental movement  participants have 
produced diverse proposals for alternative food 
production (Lockeretz 2008), international 
development  (Dahlberg 1979; Cole 1981), generating 
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energy (Clark 1975), and planning settlements 
(Alexander 1977). In parallel, and often intersecting 
with, the proposals of environmental and social 
movements, scientists and development  professionals 
have proposed alternative frameworks for managing 
natural resources and foster ing economic 
development. Through the 1970s and 1980s, 
agroecology (Wezel and Soldat 2009), agroforestry 
(Nair 1993), ecological design (Todd 2006), and 
appropriate technology (Pursell 1993) emerged as 
movements and disciplines of their own. Other and 
older approaches, such as organic farming, 
experienced rapid growth and widespread acceptance 
(Lockeretz 2008). Many of these alternative 
frameworks now approach the mainstream, through 
the incremental accumulation of scientific evidence, 
institutionalization, or as in the case of organic 
farming, through certification and large-scale 
commercialization.
Permaculture was founded in the 1970s by Bill 
Mollison and David Holmgren, and now has a 
presence on every inhabited continent. Permaculture's 
founders shared broad environmental concerns with 
the movements described above, while focusing 
specifically on the threat of energy scarcity for 
energy-intensive agricultural systems (Mollison and 
Holmgren 1978). Mollison and Holmgren drew on 
many sources in their development of the 
permaculture framework, but were especially 
influenced by the British and US literature of 
permanent agriculture, and the systems ecology/
ecological engineering perspective of H.T. Odum 
(Mollison and Holmgren 1978; Holmgren 2004).
2.3 Conceptual Influences
2.3.1 Permanent as Sustainable and 
Perennial
The term permanent agriculture, from which the 
word permaculture is derived, has multiple uses. 
Permanent agriculture is used to contrast sedentary, 
continuous agriculture with shifting cultivation in 
discussions of the latter (q.v. Rasul and Thapa 2003; 
Geist and Lambin 2002). Examination of the British 
and US literature on farming practices in the early 
1900s suggests that the “permanent” was used in an 
analogous fashion to the current use of the term 
sustainable (King 1911; Howard 1940). With the 
publication of J. Russell Smith's foundational 
agroforestry text  Tree Crops: A Permanent 
Agriculture, "permanent" came to connote 
agricultural systems incorporating a high proportion 
of perennial species (Smith 1929). It  is this concept 
for which permaculture is named. Mollison and 
Holmgren adopted Smith's emphasis on the 
importance of tree crops for soil stabilization in 
hillside agriculture, production of fodder, and 
production of complementary and staple foods for 
human consumption (Mollison and Holmgren 1978). 
The portmanteau of "permanent agriculture" was later 
redefined as "permanent  culture" as the scope of 
permaculture expanded from the design of 
smallholder agriculture to encompass human 
settlement more broadly (Mollison 1988).
2.3.2 Systems Ecology
Permaculture's emphasis on whole-systems 
design is heavily influenced by the work of ecologist 
H.T. Odum (Holmgren 1992). Odum developed the 
influential framework of systems ecology, a 
thermodynamic perspective that regards ecosystems 
as networks through which energy flows and is stored 
and transformed, which can be diagramed and 
modeled in a manner analogous to electronic circuits 
(Odum 1994). Odum referred to the applied form of 
systems ecology as ecological engineering, and this 
design perspective would shape fundamental 
components of the permaculture perspective 
(Holmgren 2004). In the highly cited book 
Environment, Power, and Society (1971), Odum 
proposes an approach to the design of novel and 
productive ecosystems in which species are regarded 
as distinctive but  interchangeable system components 
which should be selected from a global pool without 
regard to place of origin. In this view, the distinctive 
inputs and outputs of each species will connect in 
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novel assemblages, and the exchanges of energy and 
resources between system components will substitute 
for human labor and material inputs. Ecosystems 
designers should therefore foster self-organization 
through the iterative “seeding” of diverse species 
from the global species pool, in order to generate and 
select ecosystems which produce yields for human 
use with minimal labor input (Odum 1971, p. 280). 
The influence of this focus on functional relationships 
between components, the self-organization of 
systems, and species selection practices, is reflected 
throughout the permaculture literature (Mollison 
1978; Mollison 1988; Holmgren 2004; Hemenway 
2009). 
2.3.4 Keyline Planning
Holmgren and Mollison were also informed by 
the whole-landscape approach of the Australian 
Keyline design system (Holmgren 2004).   From the 
1950s to the 1970s, farmer and writer P.A. Yeomans 
developed a system that integrated novel methods for 
landscape analysis with whole-farm water 
management, agroforestry, soil building strategies 
(using slightly-off-contour chisel plowing and 
rotational grazing), and the development of new 
chisel plow designs for use in the system (Yeomans 
1954; Yeomans 1954; Yeomans 1971; Yeomans 
1981). Yeoman's Keyline system has received very 
little attention in the scientific literature. Keyline 
Planning is nevertheless an innovative application of 
design to agricultural landscapes, and shaped the 
approach taken by Holmgren and Mollison (Mulligan 
and Hill 2001, p. 202), who adopted many of the 
concepts of the Keyline plan directly into the 
developing permaculture framework (Mollison and 
Holmgren 1978; Mollison 1979).   
2.4 Permaculture and Agroecology
In the past three decades, permaculture has grown 
in parallel with agroecology, displaying overlapping 
concerns while developing different constituencies. 
Permaculture shares with the discipline of 
agroecology a focus on the intersection of ecology 
and agricultural production, a normative orientation 
toward agroecological transition, and an association 
with popular movements consisting largely of land 
users. Despite these parallels, permaculture has 
received very little discussion in the agroecological 
literature. When permaculture is mentioned, it  is 
frequently found as an item on a list  of alternative 
agricultural frameworks, the value of which is either 
explicitly in question (Gomiero et  al. 2011; Pretty 
2006; Bavec et al. 2009; Pretty 2005), or positive but 
nonspecific (Leakey 2012; Deb et al. 2008; Lovell et 
al. 2010). Permaculture is elsewhere associated 
positively, albeit in passing, with agroforestry, 
perennial polycultures, agroecosystem design, 
ecosystem mimicry, and agrobiodiversity (Francis and 
Porter 2011; Torre Ugarte and Hellwinckel 2010). 
Substantive assessment  of permaculture as an 
approach to agriculture, positive and negative, 
appears to be absent from the peer-reviewed 
literature.
This absence is surprising in l ight of 
permaculture's international public profile. Parallel 
queries of online databases for the terms 
‘permaculture' and ‘agroecology' can be used to 
illustrate patterns in the relative prominence and 
overlap of each field across sectors. This fairly crude 
comparison is presented here (Fig. 2) in a preliminary 
fashion, to demonstrate that the sparse representation 
of permaculture in the scientific literature is 
incommensurate with a high level of general interest. 
The proportions of results returned for each term 
varied widely across data sources. The scientific 
databases Web of Knowledge and Google Scholar 
returned 21 and 6 times as many results for 
agroecology as for permaculture, respectively, while 
general purpose internet search engines Google and 
Bing were skewed in the opposite direction, returning 
11 and 7 times as many results for permaculture as for 
agroecology, respectively. Multipurpose literature 
databases for book sales were less asymmetrical, with 
approximately equal results for each term in Google 
Books and twice the results for permaculture in 
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Amazon. Document archives of international 
development  organizations (US AID, Peace Corps, 
and FAO) were highly and heterogeneously skewed, 
respectively returning 3 times the results for 
agroecology as for permaculture, 41 times the results 
for permaculture, and 21 times the results for 
agroecology.
In addition to the parallels described above, 
permaculture shares with agroecology a complex 
stratified definition. Recent scholarship has clarified 
that agroecology simultaneously refers to a scientific 
discipline, a social movement, and a set of 
agricultural practices (Wezel et  al. 2009). Similarly, 
some of the confusion surrounding permaculture may 
be attributed to the use of the term to refer to a design 
system, to an international movement, to the 
worldview carried by and disseminated by the 
movement, and to the set of associated practices. 
Figure 3 is a conceptual map intended to clarify the 
relationship among the different strata that  make up 
permaculture, each of which intersects with the 
project of agroecological transition. This conceptual 
structure will be used to organize the examination and 
assessment of the permaculture literature.
3 REVIEW METHODS
This study integrates multiple review methods to 
address the challenges of assessing and synthesizing a 
large and diverse literature, much of which is 
intended for a popular audience. In the absence of any 
previous reviews, it  is useful to address quantitative 
questions of what has been published, in what form, 
where, and about  what  geographic regions. 
Qualitative review will then address questions of 
topic, theme, and assessment in terms of current 
scientific understanding, in order to evaluate the 
actual and potential contributions of permaculture to 
agroecological transition. 
3.1 Systematic Review 
A systematic review methodology used in 
numerous previous studies was adapted for 
application to the body of permaculture literature 
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Figure 2. Proportional results from parallel search queries for ‘agroecology’ (crosshatch), combined ‘agroecology’ + 
‘permaculture’ (solid), and ‘permaculture’ (horizontals), to multiple online data sources, illustrating the uneven relative 
prominence of agroecology and permaculture across different sectors. Numbers in parentheses indicate combined total 
responses from each data source.  
Web of Knowledge (561)
Google Scholar (49,980)
Google (7,468,000)
Bing (4,568,000
Google Books (131,600)
Amazon (652)
pdf.USAID.gov (645)
ﬁles.peacecorps.gov (42)
FAO.org (47,380)
0% 25% 50% 75% 100%
(Guitart  et al. 2012; Wezel and Soldat  2009). The 
permaculture literature differs from most subjects of 
systematic review in the large number of publications 
intended for a popular audience, the large number of 
book-length publications, the small number of peer-
reviewed works, and the absence of experimental 
design and statistical analysis from almost all works.
3.1.1 Search Protocol
Parallel searches were conducted on Web of 
Knowledge (WOK), Google Scholar, AGRIS, and 
ERIC, using the search term “permaculture.” In the 
case of Google Scholar, the search was constrained to 
articles with the search term appearing in the title 
field. While this criterion excluded many works that 
substantively pertain to permaculture, it avoided 
including any works for which the relationship with 
permaculture was ambiguous or trivial. Effort was 
made to eliminate self-published and exclusively 
electronic works, unless they were listed as having 
been cited within Google Scholar, in order to focus on 
publications for which there was some evidence of 
readership. Academic theses and dissertations were 
exempted from this consideration. For WOK, AGRIS, 
and ERIC, publications with ‘permaculture' appearing 
in any field were included. References for book 
reviews of works appearing elsewhere in the 
bibliography were not included. The search protocol 
was concluded 18 December 2012. Results included 
prepublication data on one book chapter slated for 
publication in April 2013, and the terminal year of the 
bibliography is therefore 2013. 
While this study addresses English-language 
literature only, a supplementary search protocol was 
used for the preliminary identification of 
concentrations of permaculture literature in other 
languages. Language localizations of Google Scholar 
were queried in Spanish, Portuguese, German, 
French, Arabic, Japanese, and Russian, and the 
number of search results was recorded and compared 
to results for the English-language search. No other 
data were collected for non-English literature.
3.1.2 Bibliometric Analysis
The search protocol described above was used to 
assemble the bibliography for analysis. After the 
elimination of duplicate and spurious results, the 
bibliography contained 230 references. Each 
reference in the bibliography was identified as book, 
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Figure 3. Stratified definition of permaculture, illustrating 
the relationships between four common referents of the 
term. Permaculture is (1) an international and regional 
movement that disseminates and practices (2) a design 
system and (3) a best practice framework. The design 
system and best practice framework are contextualized by 
(4) the worldview that is carried by the movement. 
Publication Type N
Journal Article
Thesis
Book
Periodical Article
Proceedings
Chapter
Report
Miscellaneous
Booklet
Presentation
Meeting Abstract
Undergrad, Non-thesis
Occasional Paper
Interview
Seed Catalog
TOTAL
50
46
41
28
27
15
11
12
5
2
1
1
1
1
1
230
Table 1. Publication types in permaculture bibliography 
assembled for analysis.
journal article, graduate thesis, book chapter, 
conference proceeding, periodical article, or 
miscellaneous (Table 1). Journal articles included 
peer-reviewed and non-peer reviewed works. 
Periodical articles included magazine, newspaper, and 
newsletter articles. Scholarly and technical 
publications were identified as a subset  of total 
publications. Peer-reviewed publications were 
identified as a subset of scholarly publications. 
For scholarly works (including refereed and non-
refereed publications), the discipline of the journal 
(for articles), the academic program (for theses and 
dissertations), or the conference (for proceedings) was 
determined. When the institutional discipline could 
not be determined, the discipline of the author(s) or 
the apparent discipline of the publication topic was 
used. Disciplines were sorted into categories 
according to a three-tiered disciplinary taxonomy that 
synthesizes seven other major disciplinary 
taxonomies (bepress 2010). Citation statistics were 
recorded for each reference. As the majority of the 
references in the bibliography appeared solely in the 
Google Scholar searches, citation statistics were 
derived exclusively from Google Scholar queries. The 
bibliography was analyzed for two geographic values: 
place of publication, and place of topic. Place of 
publication data was obtained for all references, and a 
place of topic was identified in 135 references. 
3.1.3 Concept Network
Keywords for each reference were drawn from 
multiple fields to accommodate the diversity of 
publication types represented. Title keywords were 
included for all publications, and author keywords 
were included whenever present. Abstracts were 
included for scholarly articles whenever available. 
Jacket blurbs were included for books whenever 
available. Textual analysis was carried out with word 
co-occurrence analysis (He 1999) using a concept 
network approach (Popping 2003) that  incorporates 
analysis of probabilistic word co-occurrence with 
relative word position, and represents relationships 
between keywords as a network graph. This 
quantitative approach to text  analysis allows for the 
exploratory analysis of meaning, context, and change 
over time, in large bodies of text, while providing an 
alternative or complement to qualitative coding (He 
1999). Keyword text was analyzed in four time 
frames: the three sequences of 1978-1992, 
1993-2002, 2003-2013, and also as a complete 
sequence 1978-2013. The text of each sequence was 
submitted individually to the web-based analytical 
engine Textexture (http://textexture.com/). Textexture 
performs several pre-analysis processes, including the 
removal of common and semantically trivial words 
(including articles, conjunctions, modifiers, etc.), and 
stemming words using the Krovetz Stemmer 
algorithm to reduce complexity and redundancy 
between closely associated words (Paranyushkin 
2011). Once the text is prepared, Textexture performs 
a two-pass analysis to convert  text  into network data. 
Scanning first  in 2-word and then in 5-word units, 
Textexture creates a node for each novel word it 
encounters, and creates or strengthens links between 
nodes each time words co-occur within a scanning 
unit (Paranyushkin 2011). Textexture provides its own 
visualization engine, but  for the purposes of this 
study, the graph data was downloaded as a Graph 
Exchange XML Format (GEXF) file, and visualized 
using the open-source graphing software Gephi 
(Bastian et  al. 2011). Once loaded into Gephi, each of 
the four graph files was processed identically. Nodes 
were sized according to the betweenness centrality 
(BC) metric, which measures the number of node-
pairs whose shortest connecting path passes through 
the target node (Brandes 2001). Nodes were then 
clustered using a community detection algorithm 
based on modularity, which identifies groups of nodes 
whose mutual connections are denser than their 
connections to the rest of the network (Newman 
2006; Paranyushkin 2011). Each cluster was assigned 
random colors. Size of nodes therefore shows the 
number of contexts in which each term appears, while 
color and grouping show the most  significant  contexts 
in which each term appears. Edge thickness was 
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determined by weight — the frequency of the word-
pairs represented by each node. Only 100 most 
significant nodes from each time frame, by BC, are 
represented in each graph. All edges with a weight  of 
1, signifying that  the word pair they connected only 
co-occurred in a single instance, were filtered from 
the visualization to enhance readability.
3.2 Qualitative Review
The texts examined for qualitative analysis 
included additional publications, not  included in the 
bibliography, selected on the basis of authorship by 
key movement figures, reference in influential works 
in the bibliography, or special relevance to themes 
identified in ongoing analysis. Qualitative analysis 
also draws on additional non-print  sources, including 
websites, online discussion platforms, and video. 
Sources were examined for prominent themes with a 
bearing on agroecological transition, and assessed in 
relationship to contemporary science. Results from 
the systematic review were used to triangulate with 
and inform qualitative analysis. 
The high level of redundancy in the permaculture 
literature has been noted elsewhere (Scott  2010), such 
that a significant  portion of publications devote some 
space to reiterating foundational material developed 
in a small number of key publications (Mollison and 
Holmgren 1978; Mollison 1988; Mollison and 
Holmgren 1978; Holmgren 2004). Key publications 
will be cited when the intent is to clarify origins, 
while multiple derivative publications will be cited 
when the intent is to illustrate prevalence.
 
4 RESULTS
4.1 Systematic and Bibliometric
Review 
In this section, the results of the systematic and 
bibliometric analyses are presented, including 
publication type, citations, publication and topic 
geography, scholarly discipline, and concept network.
4.1.1 Publication Type
The three most prolific publication types in the 
bibliography were journal article (50), graduate thesis 
(46), and book (41). While journal articles and theses 
are most numerous, when publication length is 
considered it is clear that books represent  the bulk of 
published content on permaculture. Along with 
overall growth in publications, the distribution of 
publication types changes over time (Fig. 4a), and the 
three publication types showing the most growth in 
per year publications were journal articles (from 0 to 
21), graduate theses (0 to 20), and book chapter (0 to 
11). The majority of the permaculture literature is 
written by non-scientists for a popular audience. 
Scholarly works, and the subset  of peer-reviewed 
publications within that category, are present as a 
minority of publications throughout the bibliography, 
representing 54.3% and 13.9%, respectively. The total 
share of scholarly and peer-reviewed publications has 
fluctuated while growing over time (Fig. 4b), from 
33% from 1978-1982, to 71% from 2008-2013.
The 122 scholarly publicat ions in the 
bibliography are distributed across a broad set  of 
natural and social scientific and professional 
disciplines (Fig. 5). The most prevalent  disciplinary 
categories, in descending order, are Social and 
Behavioral Sciences (41), Life Sciences (28), 
Architecture (23), and Education (14).
4.1.2 Geography of Publication and Topic
English-language permaculture literature 
originates predominantly from the United States, 
Australia, and the United Kingdom (Fig. 6a). The 
geographic distribution of permaculture writing in the 
bibliography has become more widely spread over 
time, from 49% Oceania (Australia and New Zealand) 
and 41% North America in 1978-1987, to 43% from 
North America, 34% Europe, 9% Oceania, 6% Africa, 
and 9% Asia, in 2008-2013.
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Sixty percent of the references in the bibliography 
could be determined to have a geographically specific 
topic. As in the geographic distribution of the 
publishing, the topics of permaculture publications 
were initially confined to the US and Australia, and 
became more widely distributed over time (Fig. 6b). 
In 2008-2013 period, 35% of publications in the 
bibliography referred to North America, 8% to 
Oceania, 22% to Europe, 18% to Africa, 6% to Latin 
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Figure 4. Distribution of publication types in a 230-reference bibliography of permaculture, in 5 year increments except 
for 2008-2013. (a) Distribution of publication types within the biography shows rapid growth in articles and theses since 
2008. (b) Scholarly publications represent a growing share of the total bibliography over time, with peer-reviewed 
publications growing at a slower pace.
America, 6% to South Asia, 4% to East  Asia, and 2% 
to West Asia. 
For references with geographically specific 
topics, both country of publication and country of 
top ic were c lass i f ied as “Developed” or 
“Developing,” using the Human Development Index 
(Malik 2013). Countries in the “Very High Human 
Development” category were classified as 
“Developed,” and countries in the other three 
categories were classified as “Developing.” Of the 
135 references with geographically specific topics, 95 
were classified as domestic, with publication and 
topic taking place in the same country, and 41 
classified as international. Of domestic references, 76 
were from the developed world and 19 from the 
developing world. Of the 37 international references 
published in the developed countries, 17 dealt  with 
topics in developed countries, while 21 examined 
topics in developing countries. Of the 3 international 
references published in the developing world, 2 
examined topics in developed countries, and 2 
examined topics in developing countries — with one 
of the references dealing with topics in both a 
developed and a developing country. The country-by-
country relationship between publication and topic is 
represented as a geographic network in Fig. 7, while 
the proportional distribution of geographic 
publication-topic relationships is shown in Fig. 8.
Queries to multiple language localizations of 
Google Scholar returned results concentrated in 
English-language literature. With 7190 search results, 
results in English represented 59% of the total results. 
In descending rank, returns for other languages were 
Spanish (2190), Portuguese (1980), German (294), 
French (267), Arabic (95), Japanese (44), and Russian 
(30). Past  research has identified an English-language 
bias in Google Scholar (Kousha and Thelwall 2008; 
Neuhaus et  al. 2006). Interpretation of these results is 
therefore limited to the observation that a significant 
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Figure 5. Distribution of academic disciplines in 122 scholarly publications addressing 
permaculture. Agroecology and closely related disciplines (grouped within life sciences) 
represent a minority of scholarly work in permaculture. 
minority of permaculture literature is in languages 
other than English, and is not addressed in this study. 
4.1.3 Concept Network 
The network graph produced from the complete 
series of references, from 1978-2013, contained 1330 
edges, with each edge representing the co-occurrence 
of one word pair. Fig. 9 shows the full 100-node 
network for each time interval and the complete set, 
illustrating the changing centrality and contextual 
significance of key terms over time and in aggregate. 
The modularity algorithm produced six conceptual 
clusters in the complete sequence, each densely 
linked to a central term and to each other (Fig. 9d). 
The central terms, in descending order of importance 
(by BC), were design, community, sustainable, farm, 
study, and resource. The network produced from the 
text of the first  sequence of references, from 
1978-1992, contained 526 edges (Fig. 9a). The 
modularity algorithm identified eight  conceptual 
clusters, organized around the following terms: 
design, agriculture, present, urban, resource, create, 
base, and housing. The five most  central clusters in 
each interval, with the five most  central terms in each 
cluster and their BC score, are shown in Table 2. The 
text  extracted from the 1993-2002 references 
produced a network with 911 edges (Fig. 9b). Seven 
conceptual clusters were organized around the terms 
design, community, book, garden, land, study, and 
system. The 2003-2013 text produced a network with 
1467 edges (Fig. 9c). Seven conceptual clusters were 
identified by the modularity algorithm, organized 
around the terms design, development, farm, food, 
land, sustainability, and study 
4.2 Qualitative Review
In the following section, prominent themes in the 
permaculture literature are synthesized and assessed 
in relationship to contemporary scientific perspectives 
on agroecological transition. Results from the 
quantitative analysis are used to triangulate with and 
inform qualitative interpretation of permaculture 
literature. Qualitative results are organized by the 
levels of the stratified definition of permaculture 
proposed above.
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Figure 6. Geographic distribution of (a) place of publication and (b) sites discussed as topics in permaculture 
publications over time.
4.2.1 Design
P u b l i s h e d d e f i n i t i o n s o f 
permaculture emphasize its status as 
a system for the design for human 
settlements, with an emphasis on 
productive landscapes (see Sec. 2.1 
above). The concept network 
analysis reinforces the importance 
of design as a core component  of 
permaculture, as ‘design' is the most 
central concept in each of the three 
sequential analyses (1978-1992, 
1993-2002, 2003-2013) and in the 
complete sequence (1978-2013).  
The permaculture design system 
utilizes ecological and systems-
thinking principles, and spatial 
reasoning strategies, which are used 
to analyze site conditions, select 
practices, and integrate them with 
site conditions and land use goals 
(Mollison and Holmgren 1978; 
Mollison 1988; Holmgren 2004). 
Figure 10 shows a selection of 
permaculture principles, grouped 
into themes and related to principles 
and design issues in agroecology 
and related literature. The most 
d i s t i n c t i v e a s p e c t s o f t h e 
permaculture orientation toward 
agroecosystem design are its 
emphases on (1) site specificity, 
including attention to microclimate; 
(2) interaction between components 
at  multiple scales, from field-scale 
polycultures to agroecosystem-scale 
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Figure 7. Network representation of country-by-country relationships between place of 
publication and place of topic in a 135 permaculture publications. The network illustrates 
a pattern in which developed countries commonly study developing countries, and the 
reverse is seldom true. Node size is scaled to indicate the number of publications 
originating from that country. Node color is a heat map representing number of 
publications with topics speciﬁc to that country, with green indicating few and red 
indicating many. Links between nodes represent publication/topic relationships, with 
number of publications indicated by line weight.
Figure 7. Network representation of country-by-country relationships between place of publication and place of topic in 
a 135 permaculture publications. The network illustrates a pattern in which developed countries commonly study developing 
countries, and the reverse is seldom true. Node size is scaled to indicate the number of publications originating from that 
country. Node color is a heat map representing number of publications with topics specific to that country, with green 
indicating few and red indicating many. Links between nodes represent publication/topic relationships, with number of 
publications indicated by line weight.
land use diversity; and (3) spatial configuration as a 
key driver of multiple functions. 
From the perspective of permaculture design, 
crops and land uses should be selected and placed to 
reflect a fine-grained analysis of in-site heterogeneity, 
including topography, microclimate, and existing 
vegetation (Mollison 1988; Jacke and Toensmeier 
2005). Microclimate effects, driven by local and 
regional topography and vegetation, can be leveraged 
to maximize energy efficiency and identify sites for 
otherwise marginal crops (Mollison 1988). Ponds and 
equatorially-oriented slopes, structures, and woody 
vegetation, are identified as key sites at which 
extreme cold temperatures are moderated by thermal-
mass and heat-trapping effects (Mollison 1988; 
Holzer 2011), which may accommodate less hardy 
species. The permaculture approach to microclimate 
is derived from a single influential source first 
published in 1927 (Geiger and Steward 1950). 
Discussion of agricultural microclimate in the 
scientific literature is ongoing (Orlandini et al. 2006).
Land use diversity appears in the 
permaculture literature in forms 
that  include tightly integrated 
terrestrial and aquatic systems, 
animal and plant  production, and 
annual and perennial plants 
(Mollison and Holmgren 1978; 
Mollison 1988; Bane 2012). This 
emphasis is consonant  with the 
scientific literature, in which the 
benefits to productivity generated 
by synergies between multiple 
e n t e r p r i s e s h a v e b e e n 
demonstrated repeatedly (Frei and 
Becker 2005; Jamu and Piedrahita 
2002; Berg 2002; Gomiero et  al. 
1999; Kadir Alsagoff et al. 1990; 
Talpaz and Tsur 1982; Devendra 
and Thomas 2002; Rukera et al. 
2012; Dey et  al. 2010; Pant et al. 
2005; Dalsgaard and Oficial 1997). Integration of 
multiple enterprises has been shown to increase labor 
efficiency (Dey et al. 2010), and to enhance all 
dimensions of multifunctionality, including food 
security and environmental, economic, and social 
functions (Tipraqsa et al. 2007).
Permaculture's emphasis on configuration is 
expressed in the Principle of Relative Location, and 
the design tools Zones of Use and Sectors. 
Hemenway defines Relative Location in this way “…
place the elements of your design in ways that  create 
useful relationships and time-saving connections 
among all parts” (2009, p. 6). ‘Sectors' refers to 
directional forces that  impinge on the site from the 
outside, including sun, wind, water, and wildfire 
(Mollison and Holmgren 1978; Mollison 1988; 
Holmgren 2004; Mars 2005; Bell 2005; Hemenway 
2009; Bane 2012). Landscape components can be 
arranged in order to manage these forces, through 
exclusion (firebreaks), channeling (windbreaks and 
water-control features), and inclusion (maximizing 
insolation/minimizing shading for crops and 
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Figure 8. The proportional distribution of geographic relationships between place of 
publication and place of topic in 135 references in the permaculture bibliography. 
‘Domestic’ describes research that is conducted and published with a single country. 
‘International’ describes research that is conducted in one or more countries, and 
published elsewhere.
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Figure 9. Concept network maps of keywords from permaculture publications. Node size 
denotes centrality of concepts, links represent concept co-occurrence, link width 
represents co-occurrence frequency, and color denotes conceptual cluster of tightly 
interlinked concepts. (a) Publications 1978-2002 (N=51); (b) Publications 1993-2002 (N 
= 115). (Continued next page.)
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Figure 9 (cont). (cont). Concept network maps of keywords from permaculture 
publications. Node size denotes centrality of concepts, links represent concept co-
occurrence, link width represents co-occurrence frequency, and color denotes conceptual 
cluster of tightly interlinked concepts. (c) Publications 2003-2013 (N=157); (b) Complete 
series 1978-2013 (N = 115).
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Table 2. Results of concept network analysis of 230 permaculture publications, showing 
ﬁve most important clusters (by modularity), and 5 most important terms in each cluster 
(by betweenness centrality).
structures). Zones of Use is a concentric model of 
land use planning intended to maximize farm labor 
productivity, by siting land uses that require frequent 
management or use closer to the home or other 
centers of activity (Mollison and Holmgren 1978; 
Mollison 1988; Mars 2005; Holmgren 2004; Mars 
2005; Bell 2005; Hemenway 2009; Bane 2012).
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Figure 10. A selection of permaculture principles and related principles in agroecology and allied disciplines, grouped by 
themes. With the exception of the principles grouped under the theme of Creativity and Innovation, permaculture principles 
have corrolaries in the scientific literature, but are articulated at a higher level of abstraction. PDM refers to Mollison 1988, 
IPM to Mollison & Slay 1997, and PPBS to Holmgren 2004.
These principles of agroecosystem configuration, 
while lacking an explicit  parallel discussion in the 
scientific literature, appear reasonably well supported 
by existing science. This lack of consideration of 
spatial relationships in agronomy has been noted by 
many authors (Cavazza 1996; Veldkamp et al. 2001; 
Hatfield 2007; Osty 2008; cited in Benoit  and Rizzo 
et  al. 2012).  Configuration is a nevertheless an 
implicit issue for land use functions that depend on 
spatial and topographic relationships, including 
windbreaks, runoff filtration, habitat provision, 
nitrogen fixation in polycropping (Ajayi 2004; Fujita 
et  al. 1992), contour cultivation (Tacio 1993; Bunch 
2002), and soil and water conservation. At  larger 
scales, configuration is regarded as a driver of 
ecosystem functions (Uuemaa et  al. 2012; McNeely 
and Scherr 2001; Scherr and McNeely 2008), and to a 
lesser extent  cultural functions (Dramstad et  al. 2006). 
While no agroecological literature addresses 
configuration vis-à-vis labor efficiency, the topic of 
workplace configuration and its effects on efficiency 
has a long history and an actively developing 
literature in other disciplines (Taghavi and Murat 
2011; Venkatadri et al. 1997; Becker and Steele 1995; 
Burbidge 1971). 
4.2.2 Practice
While permaculture has a distinctive description 
of the techniques for which it advocates, few if any of 
those techniques originated from within the 
permaculture milieu. Permaculture practices are often 
adopted from or inspired by traditional agroecological 
systems, as in the case of tropical homegardens and 
the permaculture “food forest” (Mollison and 
Holmgren 1978). Natural systems are another source 
of inspiration, as demonstrated by the guild concept, 
in which polycultures are designed as analogs to 
natural functional assemblages (Mollison et  al. 1997). 
Alternative agricultural techniques, such as the 
original adoption of the Keyline system of landscape 
planning, may also be adopted by permaculturists 
(Mollison and Holmgren 1978; Yeomans 1954). 
Contemporary examples include the widespread 
enthusiasm in the permaculture community for 
aerobic compost  tea (Avis 2012) and biochar (Soleil 
2012). The “herb spiral,” a mound garden design 
proposed by Mollison for the production of culinary 
herbs, may be the only practice to have emerged from 
the permaculture movement itself (Mollison 1988).  
In this light, the practical stratum of permaculture 
might  be more productively regarded as a conceptual 
framework for the evaluation and adoption of 
practices, rather than a bundle of techniques. Criteria 
for the evaluation of practice are not  articulated 
expl ici t ly in permaculture pr inciples , but 
consideration of principles and favored practices 
suggests two broad conceptual criteria: ecosystem 
mimicry and system optimization. The criterion of 
ecosystem mimicry regards the structure and function 
of unmanaged ecosystems as models, and attempts to 
create highly productive systems with analogous 
structure and function using species that produce 
yields for human use (Lefroy 2009; Hatton and 
Nulsen 1999). The criterion of system optimization 
does not  refer to a model ecosystem, but seeks to 
identify strategic points of leverage where minimal 
intervention may enhance performance of desired 
functions beyond that of naturally occurring systems. 
Together, these criteria outline an implicit conceptual 
framework for the evaluation of practices in the 
permaculture movement, and may inform future 
investigation of these issues.  
The design and use of perennial polycultures is a 
core theme of the permaculture literature (Mollison 
and Holmgren 1978; Mollison 1988; Mollison et al. 
1997; Jacke and Toensmeier 2005; Hemenway 2009; 
Frey 2011; Bane 2012), and strongly reflects the 
criterion of ecosystem mimicry. The design of plant/
animal or other multi-kingdom polycultures receives 
somewhat  less attention (Mollison and Holmgren 
1978; Holzer 2011; Shepard 2013). Diverse 
polycultures are valued for resistance to pests and 
pathogens, resilience to climate variability, 
diversification of production, and as a prerequisite for 
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facilitative interactions between plants that can reduce 
the need for material and labor inputs (Mollison and 
Holmgren 1978; Shepard 2013).  Perenniality in 
cropping species is valued for soil stabilization and 
conservation functions, and for labor efficiency 
(Mollison and Holmgren 1978; Hemenway 2009).
This view is largely consonant  with the emerging 
scientific perspective on perennial polycultures (Ewel 
1999; Lefroy 1999; Jordan and Warner 2010; 
Malézieux 2011; Picasso et al. 2011; Schoeneberger 
et  al. 2012), as well as the more extensive discussions 
of field-scale diversity (Francis and Porter 2011; Mt. 
Pleasant  and Burt 2010; Kalame et al. 2011) and 
perenniality (Jose 2009; Ewel 1986; Cox et al. 2006; 
Jordan and Warner 2010; Jordan et al. 2007). 
Permaculture is exceptional in emphasizing the 
potential of perennial polycultures to replace some 
portion of annual vegetable crops (Mollison and 
Holmgren 1978; Jacke and Toensmeier 2005; 
Holmgren 2004) and staple crops (Toensmeier 2011). 
Claims made by some permaculturists concerning the 
land and labor productivity of complex perennial 
systems exceed what  has been documented in the 
scientific literature, especially but  not exclusively in 
cold-temperate climates (Williams et  al. 2001; 
Williams 2012; cf. Mollison, 1997; Hemenway 2009; 
Shepard 2013). Dense and complex plantings can 
have a variety of effects, including the reduction of 
productivity through above and below-ground 
competition for resources, increased pathogen 
pressure due to lack of air circulation, and increased 
harvest labor. 
The permaculture literature advocates for the 
intensive management  of water throughout the 
agroecosystem, through an integrated network of 
surface impoundments, contour ditches, small scale 
berms, and basins (Lancaster and Marshall 2008; 
Holmgren 2004). Redundancy in water storage 
systems is emphasized, with the priority placed first 
on soil storage, then surface water impoundments, 
followed by tank storage (Mollison 1988). 
The use of earthworks for water harvesting and 
control is a global phenomenon in traditional 
agriculture systems. The productivity and 
multifunctionality of such systems has been 
demonstrated across multiple contexts, including arid-
land agriculture (Evenari et  al. 1982; Bruins et al. 
1986; Boyd and Gross 2000; Mussery et al. 2013), 
hillside agriculture in humid zones (Holt-Gimenez 
2006), and in aquaculture/irrigation systems in a wide 
range of contexts (Prein 2002; Boyd and Gross 2000; 
Smukler et  al. 2010). Despite the frequency with 
which water harvesting earthworks are addressed in 
the permaculture literature, discussion of quantitative 
planning tools is rare (Lancaster and Marshall 2008; 
Frey 2011). Discussion of the risks posed by 
dispersive soils, which are highly vulnerable to tunnel 
erosion and thereby to catastrophic failure (Sherard et 
al. 1976), is entirely absent.
Permaculture literature advocates for attention to 
new and underutilized crops, consideration of wild 
relatives of domesticated species, and on-farm 
breeding of new cultivars (Mollison and Holmgren 
1978; Jacke and Toensmeier 2005; Shepard 2013). 
Informed by the writings of H.T. Odum, the 
multifunctionality of cropping species is valued over 
place of origin, and the introduction of non-local 
species is regarded as desirable. In response to 
internal and external criticism from native plant 
advocates over the extreme versions of this position 
(Grayson 2003; Holmgren 2004; Hemenway 2009), 
many permaculturists have moderated their views on 
species selection and regard nativity as an important 
consideration alongside functional criteria (Jacke and 
Toensmeier 2005; Hemenway 2009). Conflicts on this 
topic continue, however (Gehron and Webster 2012).
Permaculturists claim that  anti-exotic positions 
are not  based in ecological science, and that estimates 
of ecological and economic impacts of introduced 
species are exaggerated (Jacke and Toensmeier 2005; 
cf. Clark 2006). At  the same time, more complex 
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positions on the native/invasive question are being 
articulated within the scientific community (Davis 
2009). In emerging discussions of novel ecosystems 
(Seastedt et al. 2008; Buizer et al. 2012) and 
intervention ecology (Higgs 2012; Hobbs et  al. 2011), 
the value of native-oriented restoration efforts is 
questioned in favor of management  for ecosystem 
services. These emerging perspectives on non-native 
species and assemblages are consonant with the 
moderate turn in permaculture, and more broadly, 
with that  aspect  of the permaculture worldview that 
positions humans as ecosystem managers within, 
rather than separate from, nature (see Sec. 4.2.4 
below). 
4.2.3 Movement 
The permaculture movement communicates a 
distinctive worldview to new and potential 
participants, and disseminates elements of practice 
and design through networks of practitioners and 
small institutes.  The role of such popular movements 
and networks in advancing agroecological transition 
through the mobilization of social and political 
support  is increasingly acknowledged in the peer-
reviewed literature (Nelson et al. 2009; Ferguson and 
Morales 2010; Rosset et al. 2011; Altieri and Toledo 
2011). 
The growth and dissemination of permaculture is 
built on two basic patterns: a widely-dispersed 
network of ‘itinerant  teachers' (Mollison 2003), and 
local/regional organizing based around ‘bioregional' 
cultures and the development of alternative economic 
and social institutions (Mollison 1988; Holmgren 
2004). The bioregional organizing aspect of 
permaculture promotes ideas associated with 
alternative institutions, and realized projects include 
gardening organizations, farms, demonstration sites, 
credit  unions, multi-issue community organizations, 
numerous periodicals, campus greening and local 
food initiatives, and a variety of accredited and 
unaccredited institutions of higher learning (Ochalla 
2004; Grayson 2010a; Battisti 2008; Harb 2011). The 
concept network analysis reflects the importance of 
concepts of community and sociality in the 
permaculture literature. The concepts ‘community' 
and ‘development' are present and closely related in 
all three sequential analyses, becoming more central 
over time. In the complete sequence (1978-2013), the 
centrality of ‘community' is nearly equal to ‘design.' 
The focus on itinerant teachers has distinctively 
marked permaculture's development  with high-profile 
professionals - ‘permaculture celebrities' whose 
international travel is organized around invitations to 
teach courses (organized by local conveners), and by 
employment opportunities as designers and 
consultants (Mollison 2003). The focus on traveling 
teachers likely played a significant  role in the rapid 
expansion of the movement (Grayson 2010a). The 
permaculture movement, however, displays 
significantly less organization and institutionalization 
than other international agroecological movements, 
e.g. La Via Campesina, Campesino à Campesino, or 
International Federation of Agricultural Producers 
(Borras Jr et al. 2008; Rosset et  al. 2011; Martínez-
Torres and Rosset 2010; q.v. Grayson 2010b). This 
lack makes the coordination of action beyond the 
immediate community scale difficult or impossible, 
and thus limits the potential for mobilization of 
political support for diversified farmers (de Molina 
2012). 
The distribution of permaculture publications has 
transitioned from sharply delimited to relatively 
diverse. The initial geographic limitation can be 
traced to the English-language origin of the 
permaculture framework in Australia. Due to the 
English-language constraint of this study, results can 
be assumed to skew in the direction of publications 
from Oceania, the UK, and the USA, and that actual 
publishing is more geographically diverse than 
reported here. The geographic relationships between 
place of publication, and place of topic, however, 
show a consistently low level of diversity that 
parallels the ‘coloniality of knowledge' described in 
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the agroecological literature (Gómez et al. 2013), 
wherein writing on both the developed and the 
developing world are published in highly developed 
countries, and very few studies of developed 
countries are published in the developing world. 
4.2.4 Worldview
The relevance of permaculture to agroecological 
transition is driven in part by the worldview 
disseminated by the movement. The emerging focus 
in the agroecological literature on the ‘worldview 
challenge' acknowledges the importance of 
knowledge and beliefs for transition (Jordan et  al. 
2008; Berkes et  al. 2000). Any agricultural system is 
not only set  of practices, but  also a framework of 
knowledge about how and when to apply any given 
technique, a belief system that proposes a mechanism 
of action, and a normative proposal about  what 
practices and land use goals are desirable and why 
(Norgaard 1984; Berkes et  al. 2000). Agroecological 
transition requires not only new techniques, but new 
stories to provide context and meaning for those 
techniques (Sanford 2011).
Key elements of the permaculture worldview 
include ideas about human-environment  relations, a 
populist orientation to practice, and a model of social 
change. The permaculture literature expresses a 
theory of human-environment relations that highlights 
the positive role of humans in the landscape, as 
ecosystem managers. This perspective is expressed 
through a literature-wide insistence on the need for 
holistic planning and design, and an optimistic 
assessment  of what these styles of management  can 
achieve. This perspective on human-environment 
relations cuts against  the grain of the dualistic 
worldviews of both growth-oriented development and 
preservation-oriented conservation, each of which 
describe a fundamental conflict  between the needs of 
society and those of nature (Pálsson 1996; Strongman 
2012). At the core of the permaculture worldview is 
the idea that — with the application of ecologically-
informed holistic planning and design — humans can 
meet their needs while increasing ecosystem health 
(this author, quoted in Toensmeier and Bates 2013). 
The populist  orientation in the permaculture 
literature repeatedly (though not  uniformly) portrays 
the solutions to environmental and social crises as 
both simple and known. Academic institutions and 
researchers are common topics of criticism for 
conservatism, the plodding pace of change, failure of 
vision, and for being beholden to corporate interests 
(Mollison and Holmgren 1978; Mollison 1979; 
Holmgren 2004; Holzer 2011; Shepard 2013). 
Mollison and Holmgren claim that permaculture 
requires only the recombination of existing 
knowledge, rather than the generation of new 
knowledge (Mollison and Holmgren 1978), and one 
of Mollison’s most widely quoted aphorisms is 
“Though the problems of the world are increasingly 
complex, the solutions remain embarrassingly 
simple” (Permaculture Institute 2013). Some recent 
permaculture authors, in contrast, do present their 
proposals as hypotheses in need of testing (Jacke and 
Toensmeier 2005). 
The emphasis on practice over theory, and on 
networks of practitioners, is reflected in a model of 
social change that  emphasizes individual personal 
responsibility and voluntary action, and a relative lack 
of interest in influencing policy or large institutions 
(Mollison and Holmgren 1978; Holmgren 2004; 
Shepard 2013). Mollison proposes a “prime directive” 
that states “The only ethical decision is to take 
responsibility for our own existence and that  of our 
children's” (1988, p. 1). This focus on individuals as 
the locus of change is moderated by principles of 
cooperation at  the level of the community or 
bioregion (Mollison 1988; Holmgren 2004). In a 
quotation that captures both the simplicity and the 
scale of permaculture's model of change, prominent 
permaculturist Geoff Lawton uses the tagline “All the 
world's problems can be solved in a garden” (Lawton 
2008).
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5 SYNTHESIS
Integrating quantitative and qualitative review 
methods to evaluate the English-language 
permaculture literature, this study establishes a 
foundation for future dialog between permaculture 
and agroecology. The integrated analysis of popular 
and scientific literature is necessitated by the nature 
of the permaculture literature, and entails the 
adaptation of established review methods. This 
mixed-methods approach is useful for addressing the 
challenges of a large and heterogeneous field divided 
between scient if ic and popular l i terature. 
Triangulation between qualitative and quantitative 
analys is suppor ts the synthes is of broad 
generalizations about  the permaculture literature, 
while the limits to these generalizations are also 
identified. Highlighting the limitations in our 
knowledge of permaculture will help outline 
directions for future research.  
By developing the first  critical scientific review 
of the permaculture literature, organized around a 
novel stratified definition, this project contributes to 
the understanding of an agroecological movement 
which has received very little rigorous scrutiny. By 
using the concept of ‘agroecological transition' as an 
analytical frame, this study moves beyond the 
fragmentary and often one-sided analyses that 
characterize previous discussion of permaculture, and 
supports a balanced and holistic evaluation of 
biophysical and social factors. Figure 11 expands the 
stratified definition offered above (Fig. 3) to 
incorporate themes and patterns revealed in this 
project. 
This review supports the idea that  permaculture 
has contr ibut ions to offer the project of 
agroecological transition. Principles and themes in the 
permaculture literature largely complement, and 
sometimes provide useful extension of, those found in 
the agroecology literature. The permaculture approach 
to agroecosystem design and practice offers a 
distinctive perspective and emphasis on the value and 
potential of perennial crop species, polyculture, 
integrated water mangement, and the importance of 
agroecosystem configuration. Systematic and 
bibliometric analysis reveal an increasing diversity in 
geography over time. The movement is mobilizing 
diverse forms of social support  for sustainabililty, in 
geographically diverse locations, although there is 
less evidence for direct  impact on agroecological 
transition. The value of permaculture’s contributions 
remains constrained by several significant  factors in 
the culture of the movement. 
5.1 Substantiation and Scholarship
5.1.1 Overreaching Claims
Permaculture has frequently been the target of 
criticism for overreaching and oversimplifying claims 
about the achievements and state of knowledge 
represented by the permaculture system. The 
tendency towards overreach and oversimplification 
are encapsulated in the notion that humanity already 
possesses all the knowledge necessary to replace 
current land use with permaculture systems in all 
contexts (Mollison et al. 1997, p. 1), and that the 
process of redesign is itself straightforward. In the 
absence of reliable data to support  these proposals, 
permaculturists often rely on anecdotal report and 
sweeping extrapolation from ecological principles. 
Permaculturists have been accused repeatedly of 
inflating both the land- and labor-productivity of 
complex polycultures and perennial systems. The 
derivation of production figures in Mollison's 
canonical Permaculture Designer's Manual (1988), as 
in most  permaculture publications, are unreferenced 
and unknown. Claims of productivity are sometimes 
justified through misreading or misapplication of 
ecological principles (Romanowski 2007). One 
common example is the conflation of net  primary 
production with the production of edible tissue 
(Williams et  al. 2001; Williams 2012;  cf. Mollison 
1988, Hemenway 2009; Jacke and Toensmeier 2005; 
Shepard 2013). While forest ecosystems are among 
the highest  in NPP, perennial plants allocate a higher 
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percentage of photosynthetic activity to structure than 
annuals, and therefore have a slimmer margin for 
export as edible tissue (Jordan 1971; Malézieux 
2011), rendering the comparison of potential yields a 
complex empirical question rather than a simple 
maxim. Anecdotal reports on the productivity of 
multi-strata silvopasture integrated with multi-species 
rotational grazing are promising but unsubstantiated 
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Figure 11. Stratified definition of permaculture, expanded to incorporate distinctive themes relevant to 
agroecological transition appearing in the permaculture literature, as addressed in this survey.
(Shepard 2013) and point  the way toward future 
research. An additional example of the misapplication 
of ecological principles is the claim that complex 
shapes in fields, garden beds, and ponds, will increase 
productivity (Mars 2005; Hemenway 2009; Bell 
2005). This claim is based on the permaculture 
principle of Edge Effects, that was itself extrapolated 
from the ecological characteristics of ecotones and 
anecdotal reports of edge effects in grain cropping 
systems (Mollison and Holmgren 1978; Mollison 
1988). Some recent permaculture publications, 
however, have provided more complex and empirical 
descriptions of edge effects (Holmgren 2004; Jacke 
and Toensmeier 2006). 
The permaculture literature often downplays or 
ignores the risks and challenges of planning and 
maintaining highly complex agroecosystems. 
Permaculture has been criticized for the increased 
harvest  labor associated with structural complexity 
(Reich 2010). Planning for diversified enterprises is 
complex and challenging, and while there are signs of 
change, currently the majority of planning and 
support  resources are oriented toward simple non-
diversified farming operations (McIntyre et  al. 2009). 
Farmers utilizing complex polycultures and diverse 
enterprises will likely face significant  hurdles to attain 
economic viability. In this, however, permaculture 
does not differ from other approaches to farm 
diversification and integration (Morris and Winter 
1999; Tipraqsa et al. 2007; Amekawa et al. 2010; 
Kremen et al. 2012). 
The inattention to complexity and risk in the 
permacul ture l i tera ture may have ser ious 
consequences on and beyond the farm. In the case of 
water management, modification of existing natural 
grade and site hydrology may result in flooding, 
increased erosion, and loss of topsoil. For extensive 
and interlinked modifications that include 
impoundments, the risk is proportionally greater — 
both to the landowner's investment in earthmoving, 
and in potential damage to structures and fields 
downslope.  The potential impacts of extensive 
earthworks on catchment-scale hydrological 
processes are complex, and will likely include 
consequences for both upstream and downstream 
landscapes and communities (Rockström et al. 2010).
5.1.2 Isolation from Science
This study underscores the observation that, 
although permaculture emerged from an academic 
collaboration between professor (Mollison) and 
student  (Holmgren), the movement has been largely 
isolated from scientific research. Most  permaculture 
texts do not refer to contemporary scientific research 
(Scott 2010; Chalker-Scott  2010). In a reading list for 
advanced study of permaculture, revised most 
recently in 2003, the average publication date of the 
11 titles (excluding Mollison's own work) was 1964, 
and the most recent was 1985 (Mollison 2003). 
Permaculture's lack of reference to contemporary 
science holds true even for fields that  would seem to 
have the most  bearing on the core premises and 
proposals of permaculture, such as agroecology and 
agroforestry. The permaculture literature assigns the 
blame for this isolation on the inability of scientists 
and institutions to comprehend or appreciate the 
radical proposals put  forth by permaculture (Mollison 
and Holmgren 1978; Mollison 1979; Mollison 1988; 
Holmgren 2004; Shepard 2013). The counter-example 
of the Land Institute, however, and its project of 
replacing annual staple crops with perennial grains in 
diverse prairie-mimic polycultures, illustrates the way 
in which radical proposals may be grounded in 
rigorous empirical science, and be well-received by 
the scientific community (DeHaan et al. 2005; Cox et 
al. 2006; Glover et al. 2010). 
While the increase in scholarly publications 
shown by the bibliometric analysis suggests that  the 
situation may be changing, there are cumulative 
effects from decades of relative isolation that  go 
beyond the lack of research on permaculture systems. 
These include the lack of awareness, in the 
pe rmacu l tu re l i t e ra tu re , o f con tempora ry 
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developments in relevant  science, the accompanying 
persistence of idiosyncratic or misleading 
terminology, and the potential for influence of 
pseudo-scientific theories.  The idiosyncratic use of 
scientific and scientific-sounding terms, together with 
permaculture's heterodox stance on issues such as 
species selection, has persuaded some writers to label 
permaculture as pseudo-science (Chalker-Scott 2010).
An example of idiosyncratic use of scientific 
terms in permaculture is the use of the term ‘guild' to 
refer to complementary, mutually beneficial plant 
assemblages (Mollison et al. 1997; Holmgren 2004; 
Bell 2005; Burnett and Strawbridge 2008; Hemenway 
2009; Bane 2012). This is nearly opposite of its 
scientific meaning, which describes a group of plants 
that occupy a similar niche and make use of the same 
resources — in other words, plants that are especially 
unsuited to being grown in a polyculture assemblage 
(Simberloff and Dayan 1991). Permaculture 
discussions of polyculture design also typically make 
use of the term “dynamic accumulators” to refer to 
plants that draw nutrients from the subsoil and 
concent ra te them in the topsoi l , thereby 
simultaneously benefiting nearby plants  (Whitefield 
2004; Jacke and Toensmeier 2005; Bell 2005; Jacke 
and Toensmeier 2006; Hemenway 2009). The term 
does not appear in scientific literature, and its use is 
regarded as evidence that permaculture is pseudo-
scientific (Chalker-Scott 2010). As there is ample 
support  in the ecological literature for importance of 
plant processes in determining the vertical 
distribution of nutrients in the soil column (Jobbágy 
and Jackson 2004; Callaway 1995; Porder and 
Chadwick 2009) — the less pejorative “folk science” 
may be a more appropriate label (q.v. Berkes 2008).
 
5.1.3 Permaculture Scholarship
Even within the growing scholarly sector, most 
authors are not from disciplines with close ties to 
agroecology. Scholarly work on permaculture from 
more closely related disciplines is often marked by 
sparse citations of relevant scientific literature. The 
work of Jacke and Toensmeier (2005) constitutes an 
exception to this pattern. The first volume of their 
two-volume work on edible forest  gardening is 
devoted entirely to a review of relevant scientific 
theory, and both volumes draw heavily on the 
scientific literature.
Scholarship has historically comprised a marginal 
but diverse sector within permaculture. Concepts 
associated with scholarship, including ‘study,' 
‘education,' ‘correlate,' and ‘paper,' have had a 
consistent presence in the literature but  have never 
approached the first  or second quartile of centrality. 
The high level of abstraction at which the 
permaculture design system is articulated appears to 
support  engagement with topics beyond the strictly 
biophysical and agricultural, and to invite 
investigation from scholars from a diverse set  of 
analytical and methodological traditions. While 
currently marginal, the historical isolation of 
permaculture from scientific research may be 
diminishing — particularly if the significant  growth 
in graduate theses documented in this review 
continues. 
5.2 Limitations of this Study
This study is limited by its restriction to English-
language literature. Both qualitative and quantitative 
analyses are likely skewed in unknown ways by this 
restriction. Follow-up reviews of permaculture 
literature in multiple languages should be carried out 
at  the earliest opportunity. Additionally, this study 
addresses only those aspects of permaculture most 
pertinent to the question of agroecological transition. 
This is a necessary constraint, with the stipulation that 
this review should therefore not  be read as a 
comprehensive assessment of the breadth of 
permaculture literature, as we are not concerned here 
with numerous topics discussed in that literature, 
including forest management, building techniques, 
settlement planning, and so on. Finally, by restricting 
this review to publications appearing in databases of 
scientific research, scholarly and technical literature 
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are likely overrepresented in the bibliography, and 
therefore represent  a smaller proportion of the total 
English-language permaculture literature than is 
represented here.
5.3 Future Directions
Permacul tu re ' s in tegra ted approach to 
agroecosystem design offers tools and suggests 
directions for future research. Until recently, there 
was no parallel discussion in the scientific literature 
on farm design, which has largely consisted of 
computer modeling and simulation that  are not well 
suited to complex diversified operations (Sterk et  al. 
2006) and do not deal substantively with spatial 
relationships (Martin et al. 2012). The importance of 
the abundance and distribution of land uses to farm 
sustainability, and interest  in the development  of tools 
to support spatially-explicit farm design processes, 
has only recently entered the scientific literature 
(Benoit  et  al. 2012; Lovell et  al. 2010; Sterk et  al. 
2006), and remains largely exploratory. 
Themes for investigation identified in this study 
include agroecosystem design and configuration, 
perenniality, and diversity. The role of agroecosystem 
configuration in driving multiple functions, including 
environmental functions, labor productivity, and land 
productivity, is a pressing question that has bearing 
for all diversified farming systems. The development 
of design approaches to agroecosystem planning 
could make valuable contributions in the context  of 
farmer-oriented participatory research. The role of 
principles and pattern (including natural pattern and 
pattern languages) in supporting site analysis and 
design solutions are also promising avenues of 
investigation. The farmer-friendly articulation of the 
permaculture principles, and the incorporation of 
principles meant to stimulate creative problem 
solving (e.g. “The Problem is the Solution”) represent 
a potential contribution to participatory research and 
development. 
Permaculture's distinctive aggressive emphases 
on perenniality and diversity are useful provocations 
to supporters and researchers of diversified 
production systems. The potential of diverse perennial 
systems, such as rotational silvopasture systems 
(Shepard 2013), for the production of staple and 
complementary crops in temperate zones, has recently 
informed empirical field trials at  a major agricultural 
research university in the US (WPP Research 2013), 
and should inspire more.  
Permaculture continues to be hampered by 
overreaching and oversimplifying claims made by 
advocates. The portrayal of the scientific community 
as homogenous, too slow, or altogether reactionary, 
helped create a charismatic populist  message in the 
early years of permaculture. While this approach may 
have been important in rapidly disseminating 
permaculture and creating an international movement, 
it  now limits the value of permaculture by rendering it 
more difficult to interface with the larger community 
of researchers, institutions, and movements, 
addressing the project  of agroecological transition. It 
is important  to note that  sciences that were in their 
infancy at the time of permaculture's origins, have 
now matured and begun to exert increasing influence, 
and that some of these sciences have a high degree of 
consonance with permaculture's aims and worldview 
(e.g. agroecology, agroforestry, ecological 
engineering). The value of permaculture for 
agroecological transition can only be enhanced by 
building dialog and exchange with related disciplines.
The relevance of permaculture to agroecological 
transition is not limited to issues of design and 
practice. The increasing interest  within the 
agroecological literature on issues of worldview and 
popular movements supports further investigation of 
the social aspects of permaculture. Like other 
agroecological movements , the spread of 
permaculture in the absence of significant scientific or 
institutional support, points to the importance of 
beliefs and norms for the adoption of new 
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agroecological frameworks. Permaculture's optimistic 
focus on holistic and positive action, on personal 
responsibility, and on the simplicity of needed 
solutions, are empowering for participants (Smith 
2002), and are likely significant drivers of the spread 
of the movement. However, the portrayal of 
agroecological transition as something that 
individuals can contribute to, using simple techniques 
at  home, is a double-edged sword. While prioritizing 
the perspectives and capacities of land users is 
important, it may also run the risk of depoliticizing 
aspects of agroecological transition that are 
fundamentally political (de Molina 2012; Lovell et  al. 
2010; Rosset  and Martínez-Torres 2012) and 
trivializing the complexity of socio-ecological 
processes and struggles. Investigating the conditions 
under which participation in the permaculture 
movement informs changes in agricultural practice, 
and mobilizes social and political support  for 
diversified farming systems, will contribute to the 
sc ien t i f ic and prac t ica l unders tanding of 
agroecological transition.
While the overlap in topic and orientation 
between permaculture and agroecology is clear, 
assessing the value of permaculture to the task of 
agroecological transition continues to be confounded 
by gaps in our knowledge of the impacts of 
permaculture design and practice. This broad 
overview of the permaculture literature is not 
exhaustive, and points toward the need for further and 
more detailed systematic review of practices 
advocated for in permacul ture l i te ra ture . 
Opportunities for collaborative research and 
documentation of permaculture sites, and field trials 
of distinctive practices not  reflected in the 
agroecological literature, should be vigorously 
pursued. The impacts of the design and practice 
aspects of permaculture should be assessed through 
comparative analysis of agroecosystems where the 
design framework has been implemented, focusing on 
(1) spatio-functional analysis to assess the role of 
configuration in determining production, ecological, 
and production functions (cf. Lovell et  al. 2010), and 
(2) livelihoods-based research, including quality of 
life, to investigate the diversity of benefits and 
motivations for permaculture producers. 
6 CONCLUSION
The project of agroecological transition is 
pressing and complex. Agroecologists must continue 
to look outside the boundaries of their discipline in 
order to evaluate the resources and opportunities 
presented by other disciplines and movements in 
supporting that transition. Permaculture offers 
distinctive resources for that project, but  further 
research, development, and collaboration is required 
to assess and realize its full value. This review 
provides a needed foundation and framework for that 
task.
   If it  were possible to distill the agroecological 
content of the permaculture literature into a single 
thesis, it might  appear in this way: With systematic 
site design, emphasizing diversity at multiple scales, 
integrated water management, and access to global 
germplasm, we can increase the productivity 
demonstrated by heritage agroecosystems – especially 
labor productivity - while retaining their most 
des i rab le a t t r ibu tes of sus ta inabi l i ty and 
multifunctionality.  This thesis is highly relevant to 
the task of agroecological transition, and begs 
numerous questions that  can only be answered 
through a dedicated research program. It  also suggests 
the beginnings of a framework for the further 
integration of different  sectors of agroecological 
research, through the lens of integrated design of 
agroecosystems. This view toward integration and 
application may be the most  significant  benefit 
offered to agroecology by the rigorous analysis of 
permaculture theory and practice. 
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